Oscillation.
Introduction 1
Upper-tropospheric (UT) water vapor (H 2 O) and clouds play important roles in 2 regulating Earth's climate, producing feedbacks to climate forcings by increasing 3 greenhouse gases. H 2 O is the primary natural atmospheric greenhouse gas, trapping some 4 of the outgoing longwave radiation (OLR) that would otherwise be emitted to space. The 5 increase of UT H 2 O with sea surface temperature (SST) provides a strong positive 6 feedback in response to surface temperature increases that can be caused by increasing local solar times. The Level 2 data are produced on pressure surfaces (12 surfaces per 1 decade) from 316 to 0.1 hPa, with IWC having a limited useful range of 215 to 83 hPa.
2
These data have a vertical resolution of ~3-4 km, and horizontal resolutions of ~7 km 3 across-track and ~200-300 km along-track. Estimated measurement accuracies are 20% 4 for H 2 O, 2 K for temperature (which, in cloudy regions, has a known low bias of ~2 K at 5 215 hPa and ~0.5 K at 147 hPa [Schwartz et al. 2008] ), and a factor of two for IWC.
6
MLS measurements are generally not degraded by the presence of clouds and 7 aerosols, whose particle sizes are typically much smaller than the measurement 8 wavelengths. Very thick clouds (IWC > ~50 mg/m3) can degrade the temperature and 9 some species measurements [Wu et al. 2008] , but the retrieval algorithms [Livesey et al., 10 2006] flag such measurements and they are not used here. See Wu and Jiang [2004] for 11 details on the identification and quantification of cloud-affected radiances and the IWC 12 retrieval.
13

GEOS-5 Meteorological Products
14
Meteorological datasets produced by the GEOS Versions 5.1.0 and 5.2.0 data 15 assimilation systems are used in this study. Rienecker et al. [2008] describe the 16 meteorological analysis, which uses a three-dimensional variational (3D-Var) approach 17 [Sasaki, 1970] . GEOS-5. 
2
The GEOS-5 analyses are "snapshots" of the atmospheric state produced four times 3 daily (at 00Z, 06Z, 12Z, and 18Z) using optimal combinations of model forecasts and 4 many observations [Rienecker et al., 2008] via the Grid-point Statistical Interpolation
5
(GSI) technique of Wu et al. [2002] . The assimilated fields are a continuous time series 6 produced using the GEOS-5 atmospheric general circulation model (AGCM), in which an 7 additional forcing term is added to the momentum, thermodynamic, moisture and ozone 8 equations, following Bloom et al. [1996] . This "incremental analysis update" (IAU) 9 forcing is computed from the difference between analysis and AGCM forecast at the 10 analysis times, then added as a forcing tendency that remains constant in six-hour 11 segments that straddle the analysis times. The assimilated data are these AGCM fields 12 that are constrained by the analyses and contain all information derived from the model,
13
such as cloud and radiation fields, in addition to the analyzed variables [Rienecker et al., 14 2008].
15
The importance of transport to the moisture budget and the fact that all clouds in the 16 GEOS-5 assimilations depend strongly on the AGCM require that some details of the 17 model be mentioned for understanding the products. The GEOS-5 AGCM is coded 18 flexibly, but used in particular configurations (spatial resolution and physical parameter 19 settings) in each version of the assimilation system. Adiabatic transport is computed 20 using the "finite-volume dynamical core" [Lin, 2004] spectral channels from AIRS are currently assimilated in GEOS-5; these are selected 3 from the 281-channel "NWP subset" of AIRS radiance measurements. While most of the 4 AIRS channels are subject to water vapor absorption, it is most significant in the infrared 5 portion of the spectrum from 6.20µm to 8.22µm. At present, 49 of the water vapor 6 channels from this band are being assimilated. These water vapor absorption channels 7 peak at different pressure levels in the troposphere, providing information on the vertical 8 distribution of moisture for the analysis. The observation error covariance matrix for 9 radiance data is assumed to be diagonal, i.e., possible inter-channel correlations are 10 neglected. The error values assigned to the water vapor channels are larger than those 11 assigned to temperature channels in order to account for the possibility of inter-channel 12 error correlations, the effects of undetected residual cloud, and the non-linear nature of 13 the moisture channels that is not accounted for in the formulation of Jacobians in the 3D-
14
Var analysis.
15
For comparison with MLS, the GEOS-5 data are interpolated onto the MLS 
22
Vertically, the respective MLS averaging kernels [Read et al. 2007 , Schwartz et al. 2008 larger than the estimated 20% MLS measurement uncertainty) and 147 hPa T agree to
10
~0.2 K (within the MLS measurement uncertainty). GEOS-5 and MLS tropical 100 hPa
11
H 2 O agree to ~15% and T to 0.2 K (both within the MLS measurement uncertainty). 
This is thought to be due to GEOS-5 underestimating the height of convective 12 penetration, as has been mentioned earlier. We note, however, that GEOS-5 has less 13 discrepancy with MLS than GEOS-4. stratosphere quickly sublimates ice particles, and ice is subject to sedimentation. with MLS and GEOS-5 UT temperatures are also discussed. 
